that the external manifestation of the mechanical activity of muscle's contractile elements is affected by the "passive" elastic properties of the tissue elements with which it is architecturally coupled (8, 17, 22) . Such effects could be significant in arteries in which large amounts of connective tissue elements are found (11, 18, 27). As a result of the potential significance of this "interaction" of active and passive wall elements, it has also been suggested that changes in the passive elastic properties of a vessel may contribute to a change in its "reactivity" (17). A corollary to the latter is that differences in the passive elastic properties of arteries may contribute to differences in their reactivity.
In fact, variations in passive elastic properties of blood vessels from various arterial sites do exist (1, 2) This time, however, the PSS was drained and replaced by a sirnilar solution in which all the sodium had been replaced by potassium-(149 mM). The inflation response at 0.2 mmHg/s was recorded on tape. At the end of the experiment, the bloodvessel segment was removed from the bath, lightly blotted on filter paper, and weighed.
The unstressed internal and external diameters were measured from a thin loop cut from the middle of the segment using a calibrated tool microscope.
The data recorded on magnetic tape were played back after the experiment on an X-Y plotter. These data were used along with the segment weight and stressed and unstressed lengths to determine the three principal wall stress components, as described previously (4). The effects of SM activation were quantitated in two ways : first, the three-dimensional stress/external radius rehations were determined for passive, NE, and KC1 conditionsThe increase in wall stresses over passive values at a given value of radius associated with SM activation was obtained by interpolation and taken as a measure of active stress developed by SM for that radius. The second way in which the SM responses were quantitated was by determining the difference in mid-wall diameter between active and passive conditions at the same value of internal pressure. This dialerence was normalized by dividing by the passive va.lue. The quantity was taken as a measure of the ability of the SM to constrict the diameter of the blood vessel. In some instances more than one blood vessel was used from a specific animal.
Those blood vessels that wGere not used immediately were placed in a metabolic incubator at 37°C and oxygenated with a gas mixture of 95 % 02 and 5 % COZ. When multiple blood vessels were studied from the same animal, the order in which they were used was randomly varied, i.e., right vs. left and carotid vs. iliac. The water and electrolyte content was determined from both fresh pieces and pieces of vessel that had been incubated for variable durations in PSS. Wet weight of tissues was determined after light blotting on filter paper. Dry tissue weights were determined after overnight drying at 95°C. The water content of the vessel segment was determined from the wet and dry weights. The electrolyte content was determined with an atomic-absorption spectrophotometer.
The methods used for analysis of water and electrolyte content have been described in detail previously (18 heat and pressure, and quantitated from their hydroxyproline contents.
RESULTS
Examples of records obtained from carotid (top) and iliac (bottom) arteries are shown in Fig. 1 . The pressure-diameter curves during inflation are shifted to lower diameters at all levels of internal pressure following NE and KC1 activation.
In the case of the pressure/axial force curves, the axial force is increased during inflation by both NE and KC1 at all pressures excep t the lowest for the iliac. In all cases the curve for KC1 is shifted to smaller diameters relative to the NE response for both carotid and iliac arteries. Similarly, axial force is generally greater in response to KC1 relative to NE for both vessels at any given value of pressure. Figure 2 shows a summary of some passive mechanical properties averaged from all blood vessels studied. (as) were computed from the relation (4, 10, 26):
where Pi is the internal pressure, and a and b are the internal and external radii, respectively. Data averaged from 12 iliac and 12 carotid arteries are summarized. There is no significant difference between the stress-radius curves of the two artery groups at values of normalized radius below about 1.6. Above 1.6 the stress-radius curve for the iliac rises more rapidly than that of the carotid, and the value of normalized radius is smaller for the iliac at any given level of wall stress.
The graph on the right shows the relationship between incremental elastic modulus and interna pressure for the two groups of blood vessels. The incremental elastic modulus (E) was obtained from the experimental data using the following equation (2) : where ~8 is the tangential strain. Although the arterial wall is in fact anisotropic, the incrementa elastic modulus is a reasonable estimate of the. tengential ainisotropic elastic modulus (9). It is apparent that at any given level of internal pressure above about 60 mmHg the incremental elastic modulus is always larger for the iliac artery reetive to the carotid. ' (  Figure 3 summarizes the relationship between the increase in tangential stress and normalized external radius for the iliac and carotid arteries follotiing NE and K activation. The normalized diameter responses from the same experiments are summarized in Fig. 4 at values of internal pressure. A number of features of these two figures are apparent. For the conditions employed in this study, K produces a consistently larger response for both arteries. The peak tangential stress response for the iliac arteries was approximately 42% greater with K compared. to NE. For the carotid, the ratio was approximately 38%. The peak tangential stress response occurred as a smaller normalized external radius for the iliacs. The maximum normalized diameter response for the iliac arteries was 12 % larger for KC1 compared to NE. The maximum diameter response produced by KC1 was not statistically different for the two groups of blood vessels (-51.8 f 2.3 % for the iliacs and -49.2 f 4.2% for the carotids). Thus KCl, which produced the same maximum diameter reduction in these two groups of arteries, produced a smaller wall-stress response in the case of the carotid. A summary of the analysis for connective tissue, water, and electrolyte content of the two groups of blood vessels is given in Table 1 . There is little difference in the total water content and the total connective tissue content (C + E) for these two groups of blood vessels. However, the relative amounts of collagen and elastin are considerably different. The iliac contains less collagen but more elastin than the carotid, producing a significantly lower C/E ratio. The potassium and magnesium contents of these blood vessels are essentially the same. These two ions are primarily located intracellularly, which suggests that the total cell solid content of these blood vessels is similar.
A comparison has been made of the connective tissue, water, and electrolyte contents in fresh tissue samples and samples incubated in PSS for 2 h; this is also given in Table  1 . There is generally an increase in water content and all electrolytes except potassium. No significant changes in connective tissue content were observed as a result of incubation.
DISCUSSION
The results described in this study demonstrate that differences exist in arterial wall mechanics and responses after smooth muscle activation in blood vessels with different connective tissue content. Passive mechanics data (Fig. 2) show that the iliac artery has a higher incremental elastic modulus than the carotid at equivalent values of internal pressure. Also, the passive stress-strain curve is shifted to the left for the iliac arteries primarily at higher values of stress (ca., above 1 X 1 O6 dyn/cm2).
These results are somewhat unexpected in view of past studies and traditional concepts (5, 23). Previous studies from this laboratory on changes in carotid artery mechanics in puppies demonstrated that values of elastic modulus at 100 mmHg increased with increasing C/E ratio during growth and development (5). Also, stress-strain curves were shown to be shifted to the left with the increasing C/E ratio during aging. The results of the current study appear not to be in agreement with the concepts developed in the classical study of Roach and Burton (23) . From their concepts, it would have been anticipated that the stress-strain curve for the carotids would be shifted to the left of that of the iliacs and that the elastic modulus of the former would be larger than the latter. Since two different arterial sites are being compared in this study, this discussion suggests that other factors, such as the distribution and coupling of connective tissue elements, may also be important in determining passive mechanics.
The maximum stress response for the iliacs occurred at a lower value of normalized radius (strain) than for the carotids (Fig. 3 ). This latter difference is approximately the same as the difference in passive stress-strain relations for the two arteries (Fig. 2) . This suggests that the passive tissue elements in the arterial wall play an important role in wall reactivity by determining the length of the contractile elements. It would follow that changes in the elastic properties of the passive wall elements could indeed alter reactivity at a given internal pressure, for example, as previously suggested (17 force (or stress in this case) determined at any particular muscle length will depend on both the isometric lengthforce curve and the force-velocity curve and on the rate of lengthening (i.e., the strain rate). The smaller the strain rate, the better will be the approximation of the recorded force to the actual isometric value. As the strain rate approaches zero, inflation force approaches isometric force. The strain rates produced by constant inflation vary over the course of the inflation because of the nonlinear pressurediameter curves of activated arteries (Fig. 1) . Strain rates are lowest for the steepest slopes (i.e., at low and high pressures) and largest at the smallest slopes (middle pressure range).
In these experiments, average strain rates were of the order of 0.0007 s-l (range 0.0002-0.0030 s-l). This is to be compared with reported normalized V,., for arterial SM between 0.07 and 1.8 s-l (14, 16, 20 higher strain rates isometric force may be overestimated by some, as yet undetermined, amount. It was also found in this study that differences existed in the diameter responses after smooth muscle activation by high K (Fig. 4) . No difference was found in the maximum normalized diameter response for the two arteries or in the responses at low internal pressure levels (ca., O-50 mmHg). At higher pressure levels, however, the diameter responses for the iliacs were better maintained.
It is reasonable to expect that diameter reductions for a sliding filament arrangement of contractile proteins (24) at low levels of wall stress (or strain) would be more closely related to the structural relations between filaments than the absolute amount of contractile protein present. That is, the important determinant of diameter reduction at low wall stress is the total shortening capability of the contractile filaments. On
